Abstract Women with a mutation in BRCA1 or BRCA2 face a lifetime risk of breast cancer of approximately 80 %. Tamoxifen treatment of the first cancer has been associated with a reduction in the risk of a subsequent contralateral cancer. We studied 1,504 women with a known BRCA1 or BRCA2 mutation, 411 women with bilateral breast cancer (cases) and 1,093 women with unilateral breast cancer (controls) in a matched case-control study. Control women were of similar age and had a similar age of diagnosis of first breast cancer as the cases. For each woman who used tamoxifen, the starting and stopping dates were abstracted and the duration of tamoxifen use was calculated. Three hundred and thirty-one women had used tamoxifen (22 %); of these 84 (25 %) had completed four or more years of tamoxifen, the remainder stopped prematurely or were current users. For women with up to 1 year of tamoxifen use, the odds ratio for contralateral breast cancer was 0.37 (95 % CI 0.20-0.69; p = 0.001) compared to women with no tamoxifen use. Among women with 1-4 years of tamoxifen use the odds ratio was 0.53 (95 % CI 0.32-0.87; p = 0.01). Among women with four or more years of tamoxifen use the odds ratio was 0.83 (95 % CI 0.44-1.55; p = 0.55). Short-term use of tamoxifen for chemoprevention in BRCA1 and BRCA2 mutation carriers may be as effective as a conventional 5-year course of treatment.
Introduction
The lifetime risk of breast cancer in a woman who carries a deleterious mutation in BRCA1 or BRCA2 is approximately 80 % [1] and following an initial diagnosis of breast cancer the annual risk of contralateral breast cancer is approximately 3 % [2] . Tamoxifen has been shown to reduce the risk of contralateral breast cancer in carriers of BRCA1 or BRCA2 mutations [3] [4] [5] , in particular among women with intact ovaries [4] . In 2006, in a case-control study of 285 bilateral cases and 751 unilateral controls, we reported a reduction in contralateral breast cancer risk of 50 % associated with any tamoxifen use [4] . In that study, we did not see a trend in the degree of protection with duration of tamoxifen use up to 5 years, but the estimates were imprecise. We have observed that a high proportion of women in this cohort stopped using tamoxifen prior to the completion of the recommended 5-year course [6] , and it is important to understand if non-compliance impacts on the risk of second primary breast cancer. We continue to accrue study subjects to our international BRCA carrier registry and the current manuscript addresses the question of tamoxifen protection associated with duration of use.
Methods

Study subjects
Information on women with hereditary breast cancer was submitted to the study center at the Womens College Research Institute in Toronto by investigators at each of 51 contributing centers in ten countries. These centers were requested to complete data forms for all known cases of female breast cancer, unilateral or bilateral, carrying a verified BRCA1 or BRCA2 mutation. The institutional review boards of the host approved the study. All subjects provided written informed consent. The majority of these cases were identified through genetic counseling and risk assessment programs offered to women from high-risk families. The data center received information on a total of 5,984 cases of invasive breast cancer in carriers of pathogenic BRCA1 or BRCA2 mutations. Patients were excluded from the current study if the first cancer was diagnosed prior to January 1, 1970 (i.e., before tamoxifen was in use (n = 161). Women with ovarian cancer diagnosed at any time prior to the contralateral breast cancer were excluded (n = 534). Synchronous bilateral cases were excluded because there would be no opportunity for the patient to take tamoxifen prior to the onset of the contralateral cancer (n = 145). Similarly, women with bilateral mastectomy were excluded because these were not at risk for contralateral breast cancer (n = 975). Women with an oophorectomy were excluded because we wished to dissociate the protective effect of oophorectomy from that of tamoxifen (n = 821). In addition, we excluded 676 women because data were missing on tamoxifen use or on another key variable.
After these exclusions, there were 2,672 women with breast cancer available for study, including 542 women with bilateral breast cancer (potential cases) and 2,130 women with unilateral breast cancer (potential controls).
Controls were selected to be born within 3 years of the birth date of the matched case and to have been diagnosed with breast cancer at an age within 2 years of the age of the first diagnosis of breast cancer of the case. Cases and controls were carriers of a mutation in the same gene (BRCA1 or BRCA2) and regional residence (North America, Poland, other country). Each control was followed for a period at least as long as the follow-up period of the matched case. For each bilateral case, we attempted to identify one or more unilateral control patients. No woman received tamoxifen prior to the diagnosis of the initial breast cancer. All of the exposures in cases and controls were defined for the time period equivalent to the period between the first diagnosis and the contralateral cancer of the matched case. For each woman who reported use of tamoxifen, we evaluated the duration of tamoxifen from the date of first use to the date of last use. If the bilateral case developed contralateral breast cancer within 5 years of the initiation of tamoxifen, then the use of tamoxifen in the matched control was truncated at the date if diagnosis in the case.
Because of the requirement for genetic testing of the 2,672 study subjects (which is available to living women), these subjects represent prevalent cases; the median year of diagnosis of the first breast cancer was 1996 (range 1970-2013). Our study was restricted to living subjects, because it was only possible to perform mutation analysis on living women, and because risk factor information was obtained by questionnaire. The questionnaires were completed between the years 1980 and 2013, on average 7.2 years after the diagnosis of the first case. BRCA1 and BRCA2 mutation analysis was performed using several established detection techniques, and all mutations were confirmed by direct sequencing of DNA samples.
Study protocol
Case and control women completed a questionnaire which asked about the medical and surgical treatment of the initial breast cancer. In some centers, the questionnaire was administered by telephone interview. The years of diagnosis of the initial and contralateral breast cancer were recorded. Women were asked if they had received adjuvant tamoxifen as a treatment for the first breast cancer, and if so, the dose, dates, and duration of tamoxifen treatment. Women were also asked to report on the type of surgical treatment they received (lumpectomy, unilateral mastectomy, or bilateral mastectomy). Women were asked if they had undergone bilateral oophorectomy, either prior to the cancer diagnosis or thereafter. Women were asked about chemotherapy (yes/no) and radiotherapy (yes/no) as treatment of the initial breast cancer. Additional variables of interest included smoking, reproductive history, and ethnicity.
Statistical analysis
A matched case-control analysis was performed. The frequency of tamoxifen use was compared between the bilateral cases and unilateral matched controls. The univariate odds ratios (and p values) for contralateral breast cancer associated with tamoxifen use were calculated using conditional logistic regression. The odds ratios for contralateral breast cancer associated with tamoxifen use were adjusted for other treatments received (radiotherapy and chemotherapy). Duration of tamoxifen use was defined as follows: up to 1 year of use, 1-4 years of use and four or more years of use. We estimated the relative risk reduction of tamoxifen separately for BRCA1 and BRCA2 mutation carriers and as a function of duration of exposure. We also performed a sub-analysis wherein cases were restricted to those diagnosed with contralateral breast cancer a minimum of 4 years after the initial diagnosis. This was done in order to dissociate the period of (short-term) tamoxifen use from the period of risk for contralateral breast cancer (i.e., to ensure that no woman was taking tamoxifen at the time of diagnosis of contralateral breast cancer or during the year before). All calculations were performed using the SAS Statistical Package.
Results
Tamoxifen use was reported by 14.8 % of the bilateral cases and by 24.7 % of the unilateral controls (p = 0.0001). The characteristics of the 411 cases of bilateral breast cancer and 1093 cases of unilateral cancer are presented in Table 1 . The univariate odds ratio for tamoxifen use and contralateral breast cancer (both genes combined) was 0.52 (95 % CI 0.37-0.73) and the adjusted odds ratio (controlling for radiotherapy and chemotherapy) was 0.53 (95 % CI 0.37-0.75) (p = 0.003) ( Table 2 ). The protective effect of tamoxifen was similar for BRCA1 and BRCA2 mutation carriers; among the BRCA1 cases and matched controls, the univariate odds ratio was 0.58 (95 % CI 0.39-0.86), and among the BRCA2 mutation carriers, the odds ratio was 0.36 (95 % CI 0.17-0.75). The adjusted odds ratio was 0.58 (95 % CI 0.39-0.85) for BRCA1 mutation carriers and was 0.39 (95 % CI 0.19-0.83) for BRCA2 mutation carriers.
There was no trend of increasing protection against contralateral breast cancer with increasing duration of tamoxifen use-in fact, the strongest protective effect was observed for women with less than 1 year of use (Table 2) . Among women with up to 1 year of tamoxifen use (either mutation), the odds ratio for contralateral breast cancer was 0.37 (95 % CI 0.20-0.67; p = 0.001); among women with 1-4 years of tamoxifen use, the odds ratio was 0.53 (95 % CI 0.32-0.87; p = 0.01); among women with four or more years of tamoxifen use, the odds ratio was 0.83 (95 % CI 0.44-1.55; p = 0.55). We performed a separate analysis of short-term tamoxifen (1 year or less) restricting cases to those women who experienced a contralateral breast cancer four or more years after the diagnosis of the initial cancer (and their matched controls). In this analysis, a minimum of 2 years had elapsed between the date of last tamoxifen use and the date of contralateral cancer. On average, in this subgroup, the contralateral cancer was diagnosed 7.4 years after the initial diagnosis (range 4-26 years). The protective effect of short-term tamoxifen use persisted in this subgroup well after tamoxifen was terminated (Table 3) .
We excluded women who had undergone an oophorectomy, but not those who experienced natural menopause. Similar risk reductions were observed with tamoxifen among those women who were diagnosed with second primary cancer when postmenopausal and when they were pre-menopausal (Table 4 ).
Discussion
We observed that the risk of contralateral breast cancer was reduced by approximately 50 % in carriers of BRCA1 and BRCA2 mutations when tamoxifen was given as adjuvant treatment for the initial breast cancer. Adjusting for the effects of chemotherapy and radiotherapy did not materially alter this estimate. This association has been reported before [3] [4] [5] -what it novel in the present study is that the observed protective effect was equal to or greater for women who used tamoxifen for a short time (less than 1 year) than for women who completed the recommended course (four or more years). Our data do not imply that the recommended course of tamoxifen should be shortenedthe primary goals of tamoxifen treatment are to reduce the risks of local and distant recurrence, and prevention of contralateral breast cancer is a secondary, albeit important goal. The present study does not address the relationship between short-course tamoxifen and these other clinical endpoints. Many hereditary breast cancer patients (excluded here) undergo bilateral mastectomies and for them the occurrence of contralateral breast cancer is not relevant; for them the goal of tamoxifen is to prevent distant recurrence. Furthermore, we excluded women who have undergone oophorectomy and this should be a topic of future study. These results may, however, be relevant for women considering primary prevention. If the odds ratio associated with a second primary breast cancer and 1 year of tamoxifen were to be the same as that for primary breast cancer, this would provide a compelling rationale for women with a BRCA1 or BRCA2 mutation who have not had a preventive mastectomy or oophorectomy to consider short-term tamoxifen. At present, tamoxifen is the only approved drug for breast cancer prevention in pre-menopausal women (in postmenopausal women raloxifene [7] and exemestane [8] and anastrozole [9] may also be considered). Many women are reluctant to take tamoxifen because of a fear of side effects [9] . In this respect, a short course of tamoxifen might be preferred over the recommended 5-year course. Side effects of tamoxifen include thromboembolism and endometrial cancer. Iqbal et al. [11] recently performed a meta-analysis of these side effects, based on data from the randomized trials and concluded that the risks of these serious conditions were less than one per thousand per year and that the risks did not persist beyond the period of active treatment. The results of the present study confirm our earlier reports [3, 4] and that of others [5] . In a historical cohort study of 1,583 BRCA1 and 861 BRCA2 mutation carriers, the adjusted hazard ratios for second primary breast cancers associated with any tamoxifen use were 0.38 (95 % CI 0.27-0.55) for BRCA1 mutation carriers and 0.33 (95 % CI 0.22-0.50) for BRCA2 mutation carriers [5] .
The precise mechanism(s) of action whereby tamoxifen prevents breast cancer is (are) not clear. If activity were directed to established tumors only, then we would expect to see a specificity for ER-positive cancers. This appears to be true for cancer in the general population [12, 13] , but for BRCA1-associated cancers, the majority of cancers are ER-negative [14] . Traditionally, tamoxifen has been thought of as cytostatic (and not cytotoxic). But if we consider that a proportion of ER-positive cancers will regress spontaneously when hormone exposure is withdrawn (reviewed in Ref [15] ), then there is the possibility that ER-receptor blockade could also prompt some tumors to regress. The long duration of the protective effect of tamoxifen supports a mechanism that persists beyond that of stalling the growth of established tumors and prompts the question of whether tamoxifen also acts in earlier stages of cancer development [16] . It has been proposed that antihormonal therapy will reduce the number of cancer precursor cells [17] [18] [19] , and thereby potentially impart a longterm protective effect. An alternate possibility is that tamoxifen induces stromal changes in the normal breast that renders it less tumorigenic (an example of this might be the salutary effect of tamoxifen on mammographic density [20] ). There are several limitations to our study. The interview took place on average, 2 years after the diagnosis of the second cancer and 7 years after the diagnosis of the first cancer. It is unlikely that women would not accurately recall if they had ever used tamoxifen, but they may not recall the exact duration of use. It is possible that women who survived for this amount of time may not be completely representative of the hereditary breast cancer population at large. We excluded women who had undergone an oophorectomy because we wished to study the effect of tamoxifen in women who were producing ovarian hormones. We did not have information on estrogen receptor status for the majority of the patients in this study, and therefore, we were not able to subdivide the sample into ER-positive and ER-negative patients. Presumably the majority of patients who were treated with tamoxifen had an ER-positive cancer. Among this subgroup, the majority of the second primary cancers are expected to be ER-negative [21] , and therefore, it is unlikely that reductions of the magnitude observed here can be generated purely through the prevention of ER-positive cancers. We do not know the reason why women stopped tamoxifen early. In our earlier study, tamoxifen did not appear to be effective in women who have experienced surgical menopause [4] , but among women who have passed natural menopause (and who have circulating estrogens derived from aromatization of ovarian androgens) the drug appears to be beneficial.
It is premature to conclude that the degree of prevention for primary and secondary prevention are the same but it is reassuring that, in this and the other large study conducted to date [5] , the protective effects on contralateral cancer are similar (and large). The recommended duration of tamoxifen for chemoprevention is based on data on contralateral breast cancers among women who were treated for primary breast cancers [11-13, 22, 23] . It is not necessarily the case that the optimum duration of tamoxifen for the treatment and for chemoprevention be the same. Shorter durations have been proposed [24] , but have not been studied. Based on the rarity of serious side effects [10] and the potential benefit described here, and elsewhere [5] , we believe that a randomized trial of 1 year of tamoxifen versus placebo in BRCA1 and BRCA2 mutation carriers is feasible.
